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Abstract

‘1’lNI 1 ink  Monitor & (’ontro]  Opcrakw Assistant
(1 .MC OA) is a knowledge-based prototype
system which uses Artificial lniclligcncc  (Al)
techniques to provide semi-automaled monitor
amt control f~]nctions  to suppcmi  operations of
the IXwp Space Network (lXN) 70-Meter
antenna a t  the (;oldsfonc  l>cwp Space
C:oI]]lllLl]licati[)]ls  Com])lex (IXKC). ‘J’lIc
manual and ti]]lc-c{))lsl]]llillp,  p r o c e s s  o f
c(~nfi~uring the 70-Metm a n t e n n a  and  i t s
associated co)]lllltlllicatio]ls and processing,
equ ipment ,  known  as prccalihration,  is an
overhead  activity; the.. t i m e  spe~it in
precalibration  is time which cannot be spmt
supportin~ actual missic)ll opcrat~o]ls.
‘J’lwrefm  e, the ]najor fpal  of the 1 M{: OA task is
to demons t ra t e  t echn iques  tha t  reduce
prccalibration  time,  dec rease  opera t ions
overhead, and increase the availability of this
valuable and oversubscribed NASA resource.
“J”hc  1 MC 0A prototype was tested  in a parallel,
cxpc’rimcnlal mocic  at  the (;oldstonc  lXKK
performing sc’l]~i-a~lt{)]l]ated  prccalibratim  usinc
the actual operational cquipnmlt. ‘1’his test
dcmonslratcd  that a reduction of 40% in
prccalibraticm  time can be achicvcd with tlw
1 M(:  C)A prototype.

lntrocludign

‘1 ‘lIC ]cI l’~opulsion I ,aboratory mana~,m a worM-
wicic nctwmk  of antmnas,  t h e  lkcp  Space
Network (IXN), which is responsible for
providin~  the cc)]~~l]~ul~icatio~~s  l ink with a
spacecraft. Operat ions personnel arc
responsible for cteatinfi and maintainin~, the
co]]]]~~~]]]icatio]~s  l i nk  by  confi~urinx  t h e
required subsystems and performing test and
calibration procedures. ‘J’his  task of creatinc the

coll~rl~~l]]icatio]~s” link, knowIl as prccalil?ratim,
is a ~nal)ual  and til]~c-co]]s~lll~i]~~  ]nocess which
]cquircs  operator input of ovm a hundred
control directives altd operator monitoring c)f
over a thousand went messages and several
dozen dis}}lays  to dctmni~w  the execution siatus
of t}l(’ system. ‘1’lM? existing 1 ink Monitor and
<k]]tt  w] (1 ,MC~) system reqllircs  the operator to
perforln  a large alnount of textual kcybc)ard
m It rim, to monitor ancl interpret a large numbct
of mcssa~cs to dctmnine  the state of the systcm
slid to Sch?ctiw’ly  cull out rc]cvant information
from dozens  of pre-defined, data-intensiv~
displays. ‘J’his results in an mlvirmmcnt in
which it is difficult to Opc’rate’ Cfficicvitly.

‘1’}w Coal  of the I ink Monitor and Control
opcratc~r Ass i s t an t  (1.MC 0A) task is tc]
demonstrate automated operations techniques
which will improve opmatims efficiency and
rc’ducc prccalil)ratio]l  til]ic.  ‘l”hc’  1,MCT 0A is a
knowledge-based prototype systcm  which
incorporates Art if icial  lntcl]igcnce  (Al)
tcchnolc)~y  to p ovictc  semi-automated mmi tor
and control functions to support operating the
1 XN 7[)-Mc4cv  antenna at the (;oldstmc  1 kp
S p a c e  {;c)]llllltl]licatiol}s  Co]np]ex  (I EKIC).
lmprovcd  operations is achicwed by usirig  a
flcxib]c  and powerful promdura] representation,
by reducing  the amount of opera km keyboard
c]~tt ics and by proviclil]s  explicit closed loop
coIllllll]l]icati(J]ls  and co]ltro]  tltrou~ll  an cxpcrl
Systc’m 1 nodule.

‘1’IICJ prccalibra[ic)]l process fo~ Very 1 OIIp,
Ilascline  lntcrfcro]nctry (Vl ,1;1) on the 70-Mctw
alitmllia was selected as the test domain  for the
prototype. 3’lMI  1 MC 0A was field tested  at the
[;oldstone  IXKC  b y  pcrformin~ a  scmi-
automatccl  prccalilmaticm  for VI ,111 usin~ actual
opcratimal  equipment. ‘1’lw test dmmnstratccl
that a reduction of 40% in prccalibration  time
can be achicvccl  with tlw I MC’ [)A proto[ype.



‘1’lw 1 M< (1A has three major componcmts:  the
‘1’clnpora]  Ikpcnctency  Network  (’I’IIN),  the
l:xccution  Mana~cr  (l{ M), and tlw Situatio]l
Mana~cr (SM). ‘1’llc%c’  tllr(l’  components work
toficthcr to provide a closed loop, systcm level
co]]trol  systcvn for prccalibration.  ‘1’he ‘J’l)N is a
directed  ]wtwork  that allows rcpmwntation  of
parallel pl-ocmt ural paths, precedence relations,
])rcconditio]]s  a n d  ]}I)stcoIlditi(}I]s.  It is tllc
primary kI IO wlcctgc base for the systcm. ‘1’hc
I{M is responsible for travcrsins  the ‘1’l)N and
scndil]fi  control directives 10 th~ sUbSySt~nlS
while maintaining the prcccdcncc, parallel and
sequential constraints specified in ilw “1’1 >N. “1 ‘lw
SM works in step with the l{M to provictc thc-
siluationa]  awareness ncccssary  to c]osc t}w
control loop, to Ctctcct  anomalies and to support
rccovcry from anomalies. ‘1’hc SM maintains an
intmnal model of the cxpcctcci  and actual states
of the subsystems in order tc) ctetmlninc  if each
control dircctivc  executed successfully and to
provide feedback to the user.

‘1’he ]Iwt s e c t i o n  dcscribcs  the problcvns
identified with the existing 1 MC syslcm. ! “1’he
fo]lowin~  sections will  cover tlw approach taken
by the 1 MC  (?A in addrcssinc  the idm(ifiect
problems. ‘1 ‘lIC two major concepts which drove
the 1 MC OA design will b presented. “l’his will
IW followed  I>y a ctcscription  of the ‘1’1 )N, which
is our primary knowled~c  representation. A
delailcd discussion of the three major modules
and an operational scenario will be presented.
1 n conclusion, the results of opcrat  ional field
testing will  be discussed.

(:urrcntly,  for standard operations, an operator
is  al]ocatcd 4 5  m i n u t e s  to p e r f o r m  a
prccalibrat  ion. III t}]c case of more complex
operations such as VIM,  an operator may be
al]oca(cct  n)llch mc)re. l’recalibration is a time
consumin~ process bccausc of limitations in the
mi stinfi  opera t ional  monitor and cent rol system.
It is a command-line, keyboard-entry system
that rcqllircs  operators to manually send
hundr~ds  of directives to subsystems and
]noni  tor over a thcmsand  incoming mc’ssafy’s  OII
a text-based scrolling log. ‘f ’he system lacks
cxp]icit,  informative rmponscs about the state of
a dircctivc  and does not provide Guaranteed

col]l]llll]iicatio~ls”  bctwccn  thr ]nonitor  a n d
control  system and subsyskms  bcinc controlled.
l:or each directive sent by the operator, tllc
subsystmn usually rcturlls a dirccfivc rcs)mnsc
which is silnply al} acknowlcd~tncmt  from the
sutxiystmn  informing the cprator  whether the
dircctivc was reccivcd or rejected. A directive
response does ]mt indicate the successful or
unsuccessful execution of a dircctivc. I ‘he’
subsystwn  m a y  also send o u t  cvcuf rlofice
nmwa$cs,  which relay infor[nation  about the state
of some device in a subsystcm  } lowcvcr,  these
mmsagc~s  arc not explicitly tied to any directive
that was sent. ‘1 ‘he opera tcw must rcl y cm his
expcrimcc  to dclcrlninc  which directive was
m o s t  likely  to have caused the subsystcvn to
send the event notice Incssagc.  Mmifor dnfa,
which are sent periodically by the subsystems,
also provide information about device states.
}Ic)wcver,  monitor data arc never displayed
automatically or tied to ally dircctivc. instead, a
subset  of moni tc)r data arc formatted into pre-
defincd displays that tlm operator can invoke.
‘1 ‘})(I  operator has to decide which piece of the
data lIC’S  i~ltcrcstcd in and which display
contains that piece of infornlation.  often  times,
a display wil l  contain many pieces of
information of which the operator ml y needs
one or two.

‘1’lIc inability of the monitor and control system
to keep up with input from the subsystems
causes  nwssagc’s  to bc dropped at monitor and
control. “1’o  compound the problem, the
subsyskvns cannot detect when a nwssagc  has
been  d ropped and  thus  canno t  rcsmd
iI)forjnation.  ‘1’his situation causes false alarms
which can inundate the user and often hides real
alarln situations. Finally, the system is prone  to
inpul  errors. A simple prccalibraticm  pass
requires over a hundred directives tc) be issued.
‘J’lIe operator must manually identify and type
each dircctivc and its parameters. A subsystcm
can take scwral  mi]lutcs to recover from a
simple typ(yyaphic  error.

‘1’lm opmator uses a variety of supporl  data sLIch
as schedules, predict files,  scq~lcrtce  of events
and pass bricfin~s to dcterlninc tlw type of pass,
the spacecraft being track-d a]ld how to
confi~urc the cor)]l]~i]llicatic)l~s  and processing
ecluipnmt. information contained in tllc
support data files is also used to determine the
corwct paranwtms  for t]w control directives.
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,I}llc ~l~st difficult part  of prccalibration  is the
~ctcrtt~lnation, by  tile operator,  of  wl~at
~irecljvcs ]Ieed tO be SC]]t  and hC)W the
~ircctjvcs  sllo~]ld t~c~)rdercd.  G]rrcntly,  thcrc
~ocsn[)texist  anycmd-tcwnd  re}>rcscl]tatio~~c)f
opc~!at{ons  procedures. ‘1’hc docu]ncmtatio]l  tl~at
~{)cs ~gist  addresses a specific subsys[mn  or
sl,acc~rafl,[)r~~rc)vldesa  F,meral ovcrvicwof  an
acti~~y, ‘f’hc operators nwst,  based on their OWn
~xl,crj~ncc,  assemble an c]id-to-md  cqwratic)nal
scqLIO1~cc,  ‘1’hus the operational srqucnccs vary
fr{)lll ~pcrator to of~erator  lcadinc  to
illc{,fiSIStCl~cies in operations and making
rccovcry from amunalim  d ifficult.

111 sunmary,  the following are the specific
~)peratljlity  prohlms  idmtified  with the existing
1.MC1

1. Iixtcnsivc manual entry is required of

the C@@or”

2. The lack of integrated moniiorinz tools
for ~ho operator makes  it difficult or nearly
i~~lp~s~iblc  tO perform parallel opmations. ‘1’he
~J3crat(~r  must mentally inlcrprct  displays and
text ~l@a~Cs  to dctmnin~  correct mm] tio]~  of a
directl@’

7 Yalsc  alarm due to dropped messages
;;cc,, r frcquc!ntly. I happed messages arc not
dctectt~  and retransmitted hy the sLIbsyskm,
\%,llich  rCsLlltS in the operator  havi])g an
i])c~n~l}]etC  picture Of the Systcn)  state.

4. The lack of on-line access to usahlc
Su}>pd  data increases the nrwd to inte~ratc
jIlforll}~tion  from multiple sources, l;nlry of
~c),,lp]~% J~~JJIK’liCal  parameters incrcasm  l]~c
chances  of typograpl~ical  rr~ ors.

5 There is m cmd-to-md rcprcscmtatim]  of. .
thc op~)rati~~ls  prOCCdUf  W

(’loscd  100p ClmlrOl  and Si{uatimlal
-A wariness

‘1’here arc two major dc’si~n  concepts  in the 1,M(
OA. ‘l’lie first is closed loop control and the
second is situational awareness. IJI the I.M~ 0A
co]~tmt,  closed loop colttrol means that all
control actims (i.e., directives) have  explicit
fmctt,ack rc>~arctil]g  tlw succcss or failuw of tltc
requested action. Under  the cxistinc monitm
and control  SyStC’Jll, tllcle is IM3 sillfilc  mcssa~e
that reports the status of a d ircct  ivc. Rathm, in
the existing systcm, the operator must sift
through many different data Incssaces returned
by the subsystems and many d iffment displays
tc) determine the status of the directive.
Unforiuna  tel y, t}~is  process of filtering for and
idcntifyi]l~ pertinent  data is tiI~~e-coI~sllrl]iIlg.
‘1’he l,M~ 0 A  intefirates  a l l  a v a i l a b l e
information sources and provides the operator
with clear, consistmt,  exp]icit  feedback for every
control action,

Situational awareness nwans that the operator
has visibility into the state of the systcln  and the
state of procedure execution. III the current
l.M~, a large set c)f displays provides the
opcvatrlr  with visibility into  the sys t em.
1 ]owcvcr,  information impc)rlant  tc) tlw operator
may not be easily  acccssihle  because thcm  arc
too many displays and none of them arc’ uscr-
dcfinablc,  ‘l’he 1,MC; 0A team did ~iot redesign
the displays because the resources to tackle such
a sigy]ificantly  large prohlcm were not available.
Rather, the 1 M( 0A ]mmpts  the user  with the
name of the display and the value to look for.
Visibility  into the state of proccdurc  execution
means t}lat the operator kJK)ws  the progress and
status of proccd urc cxecut ion. (;urrcntl  y, since
there dots Imt exist cl]d-io-md  pmccdural
documentation, the operator  depends on
experience to detmminc  the procedure. 2 ‘o
dctmninc  the sta tc of proctd  ure execu t ion, the
opcralor  must  intm}met a large number  01
messages from the subsystem. Ilovmvcr,
through an extensive knowledge engineering
effort, an cwd-to-cnd  inte~ratcd  proc~dur-e  for
VI 1{1 was crcatc’d and represented in a ‘1”1 )N
‘1’he ‘f’I)N is a clca] and i n t u i t i v e  w a y  oj
r e p r e s e n t i n g  the proccdurc  to the user,
l:urthmnore,  through the color-coded, Sraphical
display of  the ‘I’l IN, tllc opera to r  ca r



imlncctialc]y  dctmnine  exactly  where he is in
the proccdllrc and lhr slate of execution.

Onc of the idcnli  (id problems with (1W misting
o p e r a t i o n ]  I.M~ is the lack of end-to-cllcl
procedural documcntaiion. ‘J’o pcrfcml~ a v] ,IJ]
pmcalibraticm,  the operator must refer to smmal
operation manuals which dcseribc individual
sulwystmns or portions of the procedure. “1’he
c)prator  m u s t  t h e n  manual]y  create  a n
inicgratcd  proccdurc. II) smnc cases, operators
create  and use, as a rcfcrencc,  private “cheat
SIJCCIS”  which describe what needs to be done.
‘1’hc lack of a single  source of documentation
that dcscribcs  the VI,B1 precalibralion  procedure
results in inconsistent operations. Actual
op(’rations  rely heavily on an individual
operator’s expcrimcc  and expertise. “1 ‘o
automate operations, wc needed to create an
intcfyatcd  proccclurc fm-V14131  prccalibration.

7 ‘he approach to knowledge engineering was to
first learn about the systcm throu@  existing
documentation, noting inconsistencies and
missing infc)rmation. ‘1’hc  next Step WAS to
discuss the procedure with the operators,
m~inccrs,  technicians and scicmtiststogct  their

viewpoints and to clear up inconsistencies as
n]uch as possible. ‘J’his infer] nation led to our
initial ‘1’l)N. ‘1’hc ‘1’I)N bccamc  tlw nmded
common  lan~ua~c  be[wccm  our- knowled~e
cl~~ineers and our knowlcd~e  sources. ‘1’hc
1.M~ 0A knowlcdzc  cn~inccrins  effort is the
o n l y  known  a t t empt ,  wi th in  the I)SN,  to
produce a sin~le, coherent and consistmt  basc-
lilw operational sccfucnce  for precalibration  that
nwrg,m the viewpoints of all the users.

‘J’lw I’l)N,  s11c)w711  in l~ig. 1, is a directed graph c)f
in{erconncctcd  blocks that rcprcscmts  an cnd-to-
cnd operational sequmcc  for VI ,H]. %qucntial,
parallel, and optional opc~raticm  scqucnccs  arc
idcmtified  in the ‘l”l JN. I[ach block in the ‘1’DN
contains directives that arc sent to the
subsystems sequentially. B]ocks  h a v e
precedence  constraints where  tlm directives
cannot be sent until all of its predecessor blocks’
dircctivm  have successfully completed
execution. ltach  block has associated
precondition and postcondition  constraints.
‘I”hcsc constraints define the state the systcm
lnu.st  bc in before  s t a r t i n g  e a c h  block  o f
dircctivcs,  and after  succcssfu] execution c)f
those dircctivcs, respectively. Each block may
also have temporal constraints which limit the
start and completion c)f tlIc dircc[ives  to a
spc~cific  time or time interval.
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Fig. 2. “1’hc 1.MC OA arc}litecture.  ‘

Our goal is to provide both closed loop control
and closed  loop communications for the
opcratm.  ~’here are two major modules in the
1 MC 0A: the ‘1’DN Hxecuticm  Manager and the
Si{uation  Manager (SM), C)thcr modules which
will be discussed are the Blc)ck ]lxccution
mc)dulc,  Rcmtcr, Monitor Data 1 landlm  and
I>SN l)ata  Simulator. An overview of the
architecture is presented in Fig. 2.

l’he ‘1’l)N  IIM t raverses the ‘1’I>N ictc~ltifyins
Mocks  which arc ready to cxccu[c. Ihcks whose
]mccdcncc  constraints arc satisfied arc star-led.
When a block is startrd,  the user is asked to
paranwtcv-izc  any ~l~~~>aral~~ctcriz,cd ctircctivcs.
Tlw prcconditons  are then evaluated by tlw SM.
A block’s directives are sent only after the SM
verifies that the preconditions arc satisfied.
After a directive is sent, a dircctivc  response

must Iw received before the next dirmtivc  in the
block is sent tc) a subsystem. After t }W last
dirrct  i vc is sent and its corresponding response
is rcccivcd,  the block’s postconditions  arc
clwckcd  by the SM. If the postconditicms arc
satisfied, the block of direc[ivcw is considered
cmplctcd  .

Situation Managcv

‘1’hc Situation Manascr  provides situation
managcvncnt  within the l,MC 0A. It is an Al-
bascd module that verifies correct cxccu  [ion of
blclcks  of direct ivcs by checking pclstcond  i t ion
constraints. l’mblcms am dctrctcd  and simple
recovery assistance is provided. ‘1’o keep track
of the system state, the SM keeps an internal
lnodc] of all the monitc)rablc hardware and
software dcviccs in the system. }iach dcvicc
rcprcscmted in the model  has attributes that
~eflcc( the state of the device. Each at[ributc has
a pair of values: an cxp?cfed  7Mhc and an aclual
IMIUC. ‘1’he cxpcctcd  value of an atlritmte, in the
form of a postcondition,  is set when a direclivc
is sent to the subsystcm. ‘1’lkc  actual value of an
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attriblltc is set when  the  subsystcm  sends
mcssa~cs notinc state changp in tlm subsystem.
llvcry ctircctivc sent to a subsystcvn  is Cxpcclcct
to cause ccrlain known changes on the slates  of
tlw ctcvicm in the subsystcm.  l;ach t ime  a
dircctivc  is smt, the cxpcctcct  values of the
attributes in the ctcvicc  model arc updated.

Several data sources arc used to set tllc  actual
values of the dcvicc attributes: event notice
nuw+ys,  ctircciivc  responses, monitor data and
the operator, llvcnt  notice mcssa~cs explicitly
g i v e  the actual  states c]f ctcviccs. IIircctivc
responses provide information on whether the
dimctivc has bc’cn rcccivcd  by the subsystem In
soJne cases, they also provide progress and
completion data. Monitor data arc blocks of
status information that are sm}t pcriodica]ly by
t]lL? SLlbSySt~lllS. Monitor data usually provide
more information than event notice messages.
}Fina]ly,  opcratm input is rcqucstcd  in certain
situations. “1’hc operator is provided a set of prc-
dcfined  mo]litor displays. ‘I”hc information in
these displays is not always availab]c’  from the
monitor data blocks. l’hcsc displays arc
generated as bit-map displays at the subsystcnl
lCVCI and  a rc  unavailab]c  fo the I,MC C)A
bccausc of format and DSN operational
rcstricticms.  ‘1’}icrcforc,  for certain dircctivcs,  t}w
operator mL]st obtain information from the
displays and enter it into the 1.MC 0A. ‘1’his
information is Llscd to set the actLlal  valLlc of an
attribLlte in the SM internal device model. All
four electronic data types provide information
aboLlt the actual  state of a dcvicc, bLlt no explicit
information about whether a directive was
cwccutcd successfully. } lowcvm,  by using
information about the cxpcctcd and actual siatcs
o f  dcwiccs, the succcss  of a dircctivc  can be
inferred. With the SM maintaining its dcvicc
models, information aboL]t the state  of the
systcm and the state of the proccdurc  is always
available to the operator.

i n  a d d i t i o n  t o  the ‘1’IJN cxccL]tion, b]ock
execution and SM modules, there arc several
o the r  sL]pporting nmctulcs. ‘1’hc RoL]tcr  i s
responsible for all communicant ions bet wecn the
1.MC (3A and the DSN subsystems. 1 t rcccivcs
and decodes input from the IJSN subsystems
and  d i rec t s  the  inpL]t to e i the r  the ‘1’IJN

Ilxcc{ltion  Mal\aCcr  or the SM or both. It also
formats the directives into co]l~l~~~]l]icatio]~”
}~acka~es  that arc sent to the subsystems. ‘1’hc
Monitor 1 >ata 1 landlcr  receives Monitor I)ata
blocks from the subsystems and stores thcm in
the Monitor 1 )ata 1 kitabase. Since access to the
o}wratiollal environment is limited, a I)SN
Subsystcm  Simulator was in]plcmcntcd  to
si]nL]late  the directive responses and event
notice nvx+sagcs  from the sL]bsystcnw for testing.

one of the I,MC 0A goals  is to p r o v i d e
consistent interaction and meaningful displays
to tmcp  the user aware of what is transpiring in
tlm systcm.  ‘1’he  primary method of interaction
is via menu or button Sc]cctions  with a nlotJsc.
occasionally, the operator may bc asked to enter
a value cm rcs.ponsc. ‘t’he primary intcracticm
window is a b]ock-level display of t}~c ‘1’l)N
which provides a high-lcwe],  end-to-end
sequence c)f operations. A color bar in each
block is Llscd to show the status and progress of
each block: a gray bar means the block is
inactive, a green bar means the directives arc
executing, a rcd bar means an anomaly has
occurred and a blLIc bar means the directives
have successfully complctcd. ‘t”he portion of the
color bar that is grccw is proportional to the
number of cxccutcd  directives in the block.

‘1 ‘Iw operator can bring up a ]owcr ICVCI disp]a  y
for each block that shows the state of the block,
the state of each dirccti  vc in the block (inactive,
exccL]ting,  paused, anomaly, etc.) and lists the
}wcconditions  and postconditions fc)r each block,
‘1 ‘her-c are I’IJN-IcvcI  cent rols to paL]se, resL]nw
and stop cwcution. Block-level and directive-
ICWC1 controls exist to paLlsc, resume  and skip
execution. icons arc Llsed to show the user
whether a block is pauicd  cw skipped.

SM anomaly messages that rcqLlirc  a user
r csponsc  arc displayed in a separate window.
A synopsis is displayed in a scrolling portion at
the top of the window. lly sclectinc a synopsis,
the opcratcm brings Llp a description of the
al\(H]la]y  in the bottom portion of the window.
‘1 ‘hc operator can then enter the rcqumtcd  inpLlt
or Select a default option.

‘1 ‘hc scrolling event log lists all the input to and
outpLl t from the 1,MC 0A systcm. A command
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window allows operator control outside of tlw
‘1’I)N. Another display shows the end-of-pass
report as it is being filled in by the I,MC C)A. in
the existing 1 MC  system, the operator writes
down the time at which certain direct ivcs wcm
mmutcd and their  results. At the cnd of the
pass, the operator wri tcs a set of paper reports.
~’he I,MC C)A in t e rna l ly  logs  the  t ime ,
parameters and responses for each directive and
rqmrk  are automatically generated.

-Opcmjtiwal  ScenariO

A typical operations scenario using the 1 MC  0A
is as follc)ws. “1’he  operator starts the I MC  0A
and sck?cls  a specific prccalibration  task such as
V1 ,1}1. ‘1’lw corresponding ‘1’DN and knowledge
bases are loaded and the ‘1’l>N is graphically
displa ycd. ‘J’hc  opmator  enters the specific
parameters for the next pass based  on the
suppor[ data. 1 lircctivcs which require real-t imc
data input, such as wcathrm information, contain
place holdcrsfo  rparamctcrs. ‘I’hcopcrator  can
also tailor the TDN, skipping any unnecessary
blocks, e n t e r i n g  s p e c i a l  dircctivcs,  or
establishing breakpoints, as nccdcd. I’hc
process of prcymring  the 3’1 IN for a spccifid pass
c a n  bc done  a t  any  t ime  prcccding  the
designated pass start time. At the start of the
pass, the operator scl~cts  the start option, which
is a single nmusc  click,  to starl cxcculion of the
‘1’l)N. ‘lShc  ~’DN can be paused or halted at any
time during the process. The operator watches
the execution of the TDN using the color coding
in the graphica] user intcrfacc.

At any time, the operator may bring up low
lcwcl displays to scc the execution state of the
individual control directives. 3“11C  low ICvcl
display changes to rcftcct when each directive is
sent and when it is verified completed. ‘1’hc  SiM
and ‘1’IJN IIM work in tandem to ensure that the
control directives arc correlated with the
monitor data and event messages. ‘1’his
correlated information is summarized and
prcscmtcd to the operator. If the SM detects a
prolllcn], it reports it to {hc user  along  with
rccovcry  suggestions. I’}w user selects a
recovery option which  causes  the ‘1’I)N
executicm to continue or halts the execution of
the ‘1’l)N. A ccm]mand window provides the
operator with the ability to enter any control

direct ives into the system. Another window
prr)vides  a scrollinc  log o f  a l l  incomin~
direct ivcs,  d ircctivc  responses ancl event not icc
nmsafp. Additional windows provide a pass
summary report and link status.

“1’hc 1.MC C)A prototypr  was tested at  the
(;oldstclnc  I)SCC”S 70-n]ctm  a n t e n n a  while
pcrformin~  a VI ,B] prccalibration  procedure.
The 1.MC 0A was succmsfu]ly tested over a
three’-month period at Goldstone IISCC. ~’hc
tests  were in conjunction with maintenance and
despite interruptions, the 1,MC 0A was used to
perform a VI ,131 prccalibration  in 27 minutes.
‘l’his is 40% lCSS than the standard time of 45
minutes. in addition, the 1 MC  0A rcduccd
operator-mtcrcd directives from over 100 to
m-o ciirecti  ves and 14 parameters.

Cok]clysion

Knowledge-based systems will play a major and
enabling role in improving operability and
capabilitim  of future ground systems at the
I>SN. “J ‘he 1 MC 0A protot ypc demonstrates the
feasibility and benefits of Al-based automation
i n  IISN clpcrations. “l”he benefi ts  of an
operational, Semi-automated monitor and
control system arc 1 ) reduction in prccalibration
t imc; 2) red uct ion in kcybc)ard  mt ry, which
reduces occurrences of typographic errors; 3)
mablcmcnt  of parallel operations; and 4)
incrcascd  operator efficiency via clc~scd loop
control. ‘1’hc l,MC Opcrator  A s s i s t a n t
dcmcmstratcs  several operability in~provcnwnts.
1 t provides the operator with mechanisms for
closed loop control and situational awareness. It
p r o v i d e s  a n  e n d - t o - e n d  procedural
rcprcscntation  for precalibratic)n  u s i n g  a
‘1’emporal I>cpcndcncy  Network. It rcduccs the
amount of keyboard entry required of the
operator. Current efforts inc]Lldc extending tlu?
1,MC OA to control multiple activities and
demons t ra t ing  the l,MC 0A at a 34 -rnctcr
cxpcrirmntal  antenna complex.
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